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SURFACE-PIERCING  STRUTS 

By  Claude  W.  Coffee,  Jr.,  and  Robert  E.  McKann 


SUMMARY 


The  hydrodynamic  drag  of  three  surface-piercing  untapered  struts  at 
approximately  0°  angle  of  yaw  was  determined  at  depths  up  to  6 chords  for 
speeds  up  to  80  fps  at  various  angles  of  rake.  Tvo  struts  had  NACA 
66^-012  airfoil  sections,  one  with  a 4-inch  chord  and  the  other  with  an 
8-inch  chord.  The  third  strut  had  an  NACA  664-O2I  airfoil  section  and  a 
4 -inch  chord. 

The  section  drag  coefficient  was  determined  from  plots  of  drag 
against  depth.  Over  the  small  range  of  Reynolds  number  where  wind-tunnel 
data  were  available  for  comparison,  the  tank  data,  at  subcavitation  speeds, 
were  in  good  agreement  with  wind-tunnel  results.  Raking  the  struts  changed 
the  section  drag  coefficient  as  expected  because  of  the  change  in  effective 
thickness  ratio  that  resulted  from  raking.  The  drag  coefficient  due  to 
the  drag  at  the  surface  intersection  was  approximately  constant  at  Froude 
numbers  above  8.0  and  at  subcavitation  speeds.  Within  the  speed  range 
investigated,  no  surface  ventilation  was  observed  for  any  of  the  struts. 

The  inception  of  cavitation  was  noted  at  a speed  higher  than  that  predicted 
from  two-dimensional -flow  theory.  This  difference  was  probably  due  to  the 
influence  of  the  free-water  surface  on  the  pressure  distribution. 


INTRODUCTION 


The  present  trend  toward  the  use  of  underwater  lifting  surfaces  or. 
water-based  aircraft  and  surface  vessels  has  emphasized  the  need  for  drag 
data  on  supporting  struts  which  pierce  the  water  surface.  Such  data  are 
limited;  in  addition,  these  data  were  generally  obtained  as  tares  during 
tests  of  lifting  surfaces  and  +■  curacy  of  iha  measurements  far  the 

strut  alone  is  of  dubious  value  because  of  the  lack  of  sensitivity  of  the 
measuring  instruments. 

The  present  investigation  conducted  in  the  Langley  tank  no.  1 was 
made  to  determine  the  hydrodynamic  drag  of  struts  which  pierce  the  water 
surface  anu  the  effect  of  thickness  ratio,  size,  and  angle  of  rake  on  the 
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drag.  The  speed  range  investigated  is  believed  to  be  in  the  order  of  the 
actual  speed  range  that  would  be  encountered  in  practical  applications. 

SYMBOLS 

c strut  chord  parallel  to  undisturbed  water  surface , ft 

d depth  of  submersion  of  strut  tip  below  undisturbed  water 

surface,  ft 

t strut  thickness,  ft 

Dq  extrapolated  drag  for  zero  depth,  lb 

Ds  section  drag,  lb 

Dt  tip  drag,  lb 

D,j  total  st nit  drag,  lb 

Ds 

cH  section  drag  coefficient,  

JpV2cd 

V speed,  fps 

Vq  speed  of  inception  of  cavitation,  fps 

F Froude  number,  V/Vgc 

R Reynolds  number,  Vc/v 

g acceleration  due  to  gravity,  32.2  ft/sec^ 

p mass  density  of  water,  varied  from  I.96 6 to  I.969  slugs/cu  ft 

v kinematic  viscosity  of  water,  varied  from  1.311  x 10" 5 

to  l.op^  X I0--'  si  ft/sec 

DESCRIPTION  OF  MODELS 

The  NACA  6fi--series  airfoil  sections  were  chosen  for  the  strut  models 
because  of  their  high  theoretical  cavitation  speeds,  low  drag,  and  small 
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frontal  angles.  A small  fror.taJ  angle  is  desirable  to  reduce  the  vater 
pileup  at  the  intersection  of  the  strut  leading  edge  and  the  vater  surfnec . 

Tvo  struts  had  NACA  66-^-012  airfoil  sections  with  chords  of  9 
and  8 inches  in  order  to  investigate  the  effect  of  scale.  The  third 
strut  had  an  NACA  66^- 021  a.irfoil  section  and  a 4-inch  chord.  The  ordi- 
nates of  the  strut  sections  are  given  in  table  I and  the  cross  sections 
of  the  three  struts  are  shown  in  figure  1.  All  the  struts  had  the  sub- 
merged tip  parallel  to  the  undisturbed  water  surface.  (See  fig.  2.) 

In  the  position  with  30°  angle  of  rake  of  the  4 -Inch -short*,  struts, 
the  chord  parallel  to  the  undisturbed  water  surface  because  u.&2  inched. 

The  thickness  ratios  decreased  from  12  and  21  percent  to  1C.4  &r>i  iS-2  per- 
cent,  respectively. 

The  struts  were  made  of  stainless  steel  with  a yield  strength.  c£ 
approximately  115,000  lb/sq  in.  and  were  polished  to  a aeocth  finish  that 
gave  a measured  surface  roughness  of  8 to  10  res  rdcroinches . 


APPARATUS  AND  PROCEDURE 


A description  of  the  Langley  tank  no.  1 and  towing  carriage  i*  givsn 
in  reference  1.  The  single-component  balance,  supported  free  The  ah: 
structural  members  of  the  towing  carriage,  is  shown  in  figure  3-  B*si- 
cally,  the  balance  consisted  of  a heavy  floating  Traat  supported  by  st reen- 
gage beams  from  a rigid  frame  attached  to  the  carriage.  Istercnangeabl* 
jaws  which  conformed  to  the  contours  of  the  individual  struts  vert  -wci 
in  a clamping  unit  in  the  vertical  plane.  Adjustments  neoess-iry  tc  main- 
tain negligible  angle  of  yaw  were  made  by  rotating  the  ciaa^itr  unit  it 
the  horizontal  plane.  Wind-tunnel  results  indicated  that  str  ,1  ar-r.es  bf 
yaw  near  0°  would  have  negligible  effect  on  the  drag;  however, 
the  interaction  of  side  force  with  drag  or.  the  straln-gagr  balance , a 
side-force  gage  was  used  to  set  the  angle  of  ynv  to  give  -»  site 

force.  Corrections  were  made  to  the  rt— aj  for  the  intersvc"  ioeut 

resulting  from  the  remaining  smell  side  forces. 

A shield  was  provided  to  prevent  wetting  of  the  gear  and 
gages.  (See  fig.  2.) 

The  drag  was  measured  during  constent-speeb  tests  ever  a rfuu”'  cf 
speed  fvnm  jo  +>2  CC  Ips  wien  uie  struts  at  d“  angxe  01  yav  ans  uspv..;  v; 
submersion  ranging  from  4 to  24  inches.  The  three  struts  were  tested  a* 

0°  angle  of  ra.ke  and  both  4-inch-chord  struts  were  tested  a*  - ' sng— e 
of  rake.  The  angle  of  rake  was  considered  to  be  positive  wren  tr.c  sub- 
merged tip  was  raked  forward  and  negative  when  the  submerged  tip  -as 
raked  aft  (fig.  2).  Tie  output  from  the  strain  gages  was  real  from  a 
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eicrcanmef er  02*  recorded  by  a wn-tvw  rt. r 1 p recorder . Th*  pi  dr 

data  include  the  air  drag  of  the  length  of  ttrut  exposed  belov  tr.s  spra./ 
shield. 

Spray  photographs  and  underwater  photographs  were  taken  or  the  stnts 
-/  — -r<.  f-xed-position  flesh  equipment  similar  to  that  described  in  refer- 
«-ir=  2. 

-*-*■  accuracy  cf  the  basic  measurements  is  believed  to  be  vith  r.  the 
fr.lrv.r£  Ilai'.i: 
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is  the  Schoenherr  line  (ref.  5)  thr.t  represents  average  skin-friction 
coefficients  for  fully  turbulent  flov  on  smooth  flat  plates  and  the 
Blasius  line  (ref.  A)  that  represents  laminar  flow.  In  general,  the 
section  drag  coefficients  for  the  various  struts  lie  in  the  transition 
region  between  the  laminar-  end  turbulent -flow  lines  and  decrease  with 
increasing  Reynolds  number . 

In  general,  raking  the  struts  either  forward  or  rearward  reduced  the 
section  drag  coefficient  free  that  for  0°  angle  of  rake  as  would  be 
expected  free.  the  change  in  effective  thickness  ratio  that  resulted  froc, 
raking.  The  sect  i or.  drag  coef  f icients  obtained  for  the  two  12-p>ercent- 
tnick  struts  were  ir.  good  agreement  erh  no  effect  cf  scale  was  indicated 
in  The  range  of  Reynolds  ru*fcer  investigated.  Wind-tunnel  data  for  these 
airmail  seet.cni,  at  the  range  Reyia_lds  number  cf  these  tests,  are 
tteager;  but  the  wind-tunnel  results  (ref.  *;)  that  car.  be  compared  with 
the  T--*  lata  are  in  p»i  agreeaert  (fig-  o).  This  agreement  indicates 
that  wind-tihshel  lata  a»y  t»  used  t c estimate  section  drag  coefficients 
for  s vrf ace-5  i ere tsg  rtrutv  cyerat  ing  at  subcavitation  speeds 

a*  ' urgjw  cf  y«w  - 
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at  rubeav  l tat  ion  speeds 
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'yplcal  effect  of  spray  around  the  strut  at 
are  presented  in  figure  6.  From  these  photo- 
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As  would  be  exjiected,  the  spray  height  is 
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independent  of  the  depth  of  sucmergence  over  the  range  of  depth  investi- 
gated. An  increase  in  speed  from  30  to  60  fps  increased  tne  spray  height 
at  the  strut  trailing  edge  approximately  30  percent. 

The  effect  of  strut  size  and  thickness  ratio  on  spray  can  be  seen 
from  a comparison  of  the  photographs  presented  in  figure  10.  For  struts 
having  the  same  airfoil  section  (figs.  10(a)  and  (b))  tested  at  the  same 
speed,  the  spray  height  at  the  strut  trailing  edge  appears  to  be  in  direct 
proportion  to  the  size  of  the  strut.  For  the  struts  having  the  same  chord 
but  different  thickness  ratios  (figs.  10(b)  and  (c)),  the  spray  height  at 
the  trailing  edge  was  greater  for  the  thicker  strut. 

Photographs  showing  the  typical  effect  of  single  of  rake  on  the  spray 
height  at  the  trailing  edge  of  the  21-percent -thick  strut  are  presented 
in  figure  11.  The  effect  of  angle  of  rake  on  the  height  of  the  spray  at 
the  strut  trailing  edge  was  to  reduce  progressively  the  spray  height  as 
the  strut  was  raked  from  30°  to  0°  to  -30°.  The  spray  height  at  the  strut 
trailing  edge  was  measured  perpendicular  to  the  water  surface . 

Photographs  showing  the  typical  effect  of  thickness  ratio  on  the  two 
4-inch-chord  struts  raked  -30°  are  shown  in  figure  12.  As  was  noticed  in 
figures  10(b)  and  (c),  the  thick  strut  again  nas  the  higher  spray  at  the 
strut  trailing  edge . 


Cavitation  and  Ventilation 


Tne  12-percent -tnick  struts  gave  no  visible  evidence  of  cavitation 
in  the  speed  range  investigated.  The  computed  cavitation  speed  for  this 
strut  Is  approximately  83  fps. 


Underwater  photographs  showing  effects  of  speed  on  cavitation  on  the 
21-percent-thick  strut  at  0°  angle  of  rake  are  presented  in  figure  13 . 
Visual  observation  and  the  break  in  the  drag  curves  (fig.  4)  indicate  that 
the  inception  of  cavitation  in  these  tests  occurred  at  speeds  greater  than 
the  theoretical  cavitation  speed  of  59  fps  which  was  based  on  the  pressure 
distribution  that  would  be  obtained  in  two-dimensional  flow.  The  greatest 
delay  in  the  inception  of  cavitation  was  at  the  4-inch  depth  where  visible 
cavitation  did  not  start  until  a speed  oi  approximately  70  fps  had  been 
reached.  Cavitation  did  not  begin  near  the  water  surface  as  might  be 
expected  on  the  basis  of  static  pressure  since  apparently  tne  proximity 
of  the  water  surface  resulted  in  «n  Rlt.ernt.  inn  n-F  thn 


tion  and  reduction  of  the  pressure  peak  with  consequent  increase  in  the 
speed  required  for  cavitation.  The  inception  of  cavitation  occurred 
approximately  at  the  60-percent- chord,  station,  the  design  location  of 
minimum  pressure.  Raking  the  strut  forward  or  aft  caused  a small  increase 
in  the  speed  at  which  cavitation  was  first  observed  from  that  for  the 
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No  surface  ventilation  was  observed  for  any  of  the  struts  over  the 
range  or  speea  ana  angre  cr  rake  investigated.  Tne  intersection  of  the 
strut  with  the  water  surface  as  seer,  in  the  nderwater  photographs  of 
figure  lj  was  typical  of  all  the  struts  tested. 


CONCLUSIONS 


An  investigation  made  to  determine  the  hydrodynamic  drag  of  three 
surface-piercing  untapered  struts  at  approximately  0°  angle  of  yaw  at 
depths  up  to  6 chords  for  speeds  up  to  80  fps  and  at  various  angles  of 
rake  indicates  the  following  conclusions: 


1.  The  section  drag  coefficients  at  subcavitation  speeds  were  in 
good  agreement  with  wind-tunnel  results  over  the  small  range  of  Reynolds 


r>n  ra  t r 


iro  1 1 

v UX.LUUJ.* 


“f*  Q V» 


n/vriTio  v»i  onw 


2.  Raking  the  struts  reduced  the  section  drag  coefficient  from  that 
with  an  angle  of  rake  of  0°  as  would  be  expected  from  the  change  in 
effective  thickness  ratio  that  resulted  from  raking. 


3.  The  drag  coefficient  due  to  the  drag  at  the  surface  intersection 
was  approximately  constant  at  Froude  numbers  above  8.0  and  at  subcavi- 
tation speeds. 


4.  The  inception  of  cavitation  was  noted  at  a speed  higher  than  that 
predicted  from  two-dimensional-flow  theory,  probably  because  of  the  influ- 
ence of  the  free-water  surface  on  the  pressure  distribution. 


5-  No  surface  ventilation  was  observed  on  any  of  the  struts  over  the 
range  of  speed  and  angle  of  rake  investigated. 


Langley  Aeronautical  Laboratory, 

National  Advisory  Committee  for  Aeronautics, 
Langley  Field,  Va.,  October  8,  1953- 
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(a)  NACA  66^-012  airfoil  sect-  n with  8- inch  chord.  Angle  of  rake,  0 
Figure  4.-  Variation  of  drag  with  speed. 
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(c)  NACA  66]_-012  airfoil  section  with  4-inch  chord.  Angle  of  rak 


Figure  4.-  Continued. 
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(d)  NACA  66^-021  airfoil  section  with  4-inch  chord.  Angle  of  rake,  0°. 

Figure  4.-  Continued. 
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Figure  6.-  Variation  of  section  drag 
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coefficient  with  Fevnolds  num^e: 


Fifjurs  9.-  S;pray  height  at  trailing  edge  of  strut.  NA.CA  66^-012  airfoil 

section:  angle  of  rake,  0°. 
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(a)  NACA  66p-012  airfoil  section. 


(b)  NACA  664-O2I  airfoil  section. 
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Figure  12.-  Photographs  showing  effect  of  thickness  ratio  on  spray  height. 

4-inch  chord;  angle  of  rake,  -30°. 


